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Description 

Injection molding provides a convenient way for preparing various articles from thermoplastic resins, 
particularly objects of a relatively intricate nature. In order to injection mold articles in an economic manner, 
it is important to minimize the adhesion of the molded part to the mold surface through the use of a release 
agent It is additionally advantageous that the release agent be incorporated in the material to be demolded. 
However, such an internal agent must be compatible with the resin, that is, it should not lead to any 
significant loss of the other physical properties such as transparency and melt stability as measured by the 
usual characteristics of the resin under normal conditions and heat treatments. 

Of the thermoplastic resins which find a mold release agent useful from time to time are polycarbonate, 
copolyestercarbonate and blends of these resins with aliphatic polyester resins. As a result of the generally 
high temperature which these thermoplastics are subjected to during molding and the inherent sensitivity of 
these resins to chemical attack and degradation by additives which are often compatible with many other 
thermal plastics, it is necessary to select mold release agents with high temperature stability and 
compatibility with polycarbonates. Mineral oils are one types of mold release agents as described e.g. in 
GB-A-2,077,742. 

Mineral oils are naturally occuring complex mixtures of paraffinic and naphthalenic hydrocarbons that are 
obtained from petroleum. 

We have found that synthetic mineral oils derived from the oligomerization of alpha olefins followed by 
hydrogenation to remove unsaturation provide a surprising benefit over normal paraffins and conventional 
mineral oils as mold release agents in various polymers including polycarbonate, copolyestercarbonate and 
blends of polycarbonate with other resins including cycloaliphatic or aliphatic-cycloaliphatic polyester resins 
without introducing significant detrimental effects on color, stability and other properties associated with 

these resins. . . 

In accordance with the invention, there is a composition comprising an aromatic carbonate polymer in 
admixture with a mold release effective amount of a hydrogenated alpha-olefin oligomer fluid. Although a 
wide range of alpha olefins and mixtures of olefins can be used to prepare hydrogenated alpha-olefin 
oligomeric fluids, the preferred alpha olefin is 1-decene. 

The aromatic carbonate polymers are prepared by well known techniques available in the art, see for 
example U S-A-4,444,935, column 2, line 26 to column 3, line 61. The typical polycarbonates can be 
employed in the' invention, for example, homopolycarbonates such as bisphenol-A polycarbonates and 
copolycarbonates wherein two or more dihydric phenols are employed. Further aromatic carbonate 
polymers include the copolyestercarbonates such as those disclosed in U.S-A-3,169.121 and 4,465,820. 

The hydrogenated alpha-olefin oligomer fluids useful in this invention are derived from the oligomeriza- 
tion of 1 -olefins through a catalytic reaction followed by hydrogenation to remove unsaturation. Examples of 
such catalysis include: cationic catalysis, see J.A. Breenan, Ind. Eng. Chem. Prod. Res. Div. (1980) 19, 2; 
Zieqler catalysis, see D.H. Antonsen et ai. Ind. Eng. Chem. Prod. Res. Div. (1963), 2, 224; or metathesis 
catalysis see W.T. Nelson et al. Ind. Eng. Chem. Prod. Res. Div.. (1983). 22. 178 and references therein. 
Methods' of preparation are also disclosed in U.S-A-4.282.392; 4,225,739; 4,319,065; 4,311,864; 4,334,113 
40 and 4,409,415 and references therein. 

The product of oligomerization/hydrogenation is a mineral oil with fluidity over a wide temperature 
range The product generally is a mixture of oligomers of various degrees of polymerization, branching and 
isomerization depending on the nature of the catalyst and olefin used and any subsequent product 
fractionation such as by distillation. A product structure representative of this type of oligomerization is 9- 
methyl-11-n-octyl heneicosane. Normal alpha olefins of 6-12 carbon atoms are preferred for the preparation 
of synthetic fluids, with 1-decene being most common. The oligomers are generally separated into various 
mixtures of dimer, trimer. tetramer and pentamer to achieve varying degrees of volatility, viscosity and 
viscosity index. The preferred saturated alpha-olefin oligomer fluids for this invention are those with a 
kinematic viscosity of approximately 2-8 mrtf/s (2-8 cSt) at 100 - C. as determined by ASTM D445. For the 
purposes of this invention, the saturated alpha-olefin oligomer fluids can also be blended with other 
lubricants such as the synthetic and naturally occuring polyol esters. 

An effective mold releasing amount of the material of the invention is employed in the thermoplastic 
composition. Any amount of material which reduces the amount of pressure needed to eject the article from 
the injection mold and obtain a substantially unblemished article in comparison to the pressure needed to 
eject the thermoplastic composition control is an effective mold releasing amount. In general, effective 
amounts of the material are from 0.01 to 1.0 weight percent, based on the quantity of thermoplastic resin 
present preferably from 0.05 to about 0.5 weight percent. The material can be added to the resin in the 
normal manner that the other additives are added and coextruded. Depending upon the volatility of the 
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compound at common processing and extrusion temperatures, an excess may be initially employed in the 
composition. 

Other common additives for thermoplastic resins may also be employed. For example with respect to 
aromatic polycarbonate, additives which are commonly known to stabilize the resin thermally such as a 
5 phosphite can be employed. Stabilizers such as epoxides may also be employed as well as agents which 
are flame retardants, drip inhibitors, ductility enhancers, antioxidants, solvent resistance enhancers, ul- 
traviolet light stabilizers, colorants and various inert fillers. Impact modifiers may also be present in the 
composition. 

Below are specific examples of the invention. The examples are intended to illustrate but not narrow the 
10 inventive concept. The saturated alpha-olefin oligomer fluids used in the following examples are those 
available from Emery Industries. These synthetic fluids are derived from 1-decene and are referred to as 
Emery 3002, Emery 3004 and Emery 3006. The approximate composition of these fluids, as determined by 
gas chromatography is shown below. 
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Alternatively, the Synfluids manufactured by Gulf Oil Corporation could also be used. All percentages of 
the additives are in weight percent of the thermoplastic resin. 

In the ensuing examples the aromatic polycarbonate is LEXAN® 1 40, a polymer produced by reacting 
bisphenol-A and phosgene and having an intrinsic viscosity at 25 # C. in methylene chloride at 25* C. of 
0.49-0.52 dl/grams. The copolyestercarbonate is prepared in accordance with the methods of U.S-A- 
4,465,820 wherein bisphenol-A is the dihydric phenol and has 75 mole percent phthalate ester linkages of 
which 7 percent are terephthalate, the remainder isophthalate. Kodar® A150 is available from Eastman and 
is a polyester of trans 1 ,4-cyclohexane dimethanol and iso and terephthalic acid. The mold release agent 
was dry formulated into the resins at levels of 0.3 weight percent unless otherwise stated. Also present in 
the composition was 0.03 weight percent of a phosphite stabilizer. 

Mold release effectiveness was determined in an injection molding machine with a 124.4 g (4 ounce) 
shot capacity. The part molded was a 7.62 cm x 7.62 cm (3" x 3") box with a 3.81 cm (1 1/2") wall height. 
It had ejector pins at four corners with two of the pins being attached to strain gauge transducers for 
measuring the part ejection pressure. The mold was designed with very little draft so that the part would 
tend to stick to the core unless mold release is used. To vary the amount of shrinkage on the core, the 
temperature of the stationary and moving mold halves could be varied. The ejector pin pressure, measured 
in pounds per square inch, reflects the difficulty of ejecting the part under mold conditions. 

The Yellowness Index (Y.I.) was measured in accordance with ASTM D1825 on 5.08 cm x 7.62 cm x 
0.3175 cm (2" x 3" x 1/8") chips molded at 304.4 # C (580) and (650 # F) 343.3 # C. The magnitude of the 
yellowness index is an indication of the detrimental effect of an additive on the optical properties of 
polycarbonate. These measurements are also reported in the Tables. 

The Kasha index (Kl) was measured to determine the effect of the release agents on the melt stability 
of the resin. The Kl of a resin is a measurement of its melt viscosity and is obtained in the following 
manner: 7 grams of resin, dried a minimum of 90 minutes at 125' C, are added to a modified Tinius-Olsen 
model T3 melt indexer; the temperature in the indexer is maintained at 300 # C. and the resin is heated at 
this temperature for 6 or 12 minutes, after 6 or 12 minutes the resin is forced through a 1.0477 mm 
(0.04125 inch) radius orifice using a plunger of radius 4.737 mm (0.1865) inch and an applied force of 8.028 
kg force of (17.7 lbs).; the time required for the plunger to travel two inches is measured in centiseconds; 
that is reported as the Kl. For a given resin compounded with a series of different additives, the most melt 
stable additive (i.e. the additive which reduces the melt viscosity of the resin the least) will display the 
highest Kl. Results are reported below in Tables 1, 2 and 3. 

Other KODAR® resins can be employed in combination with the polycarbonate, for example resin 
prepared from terephthalic acid or ester precursor and mixtures of trans- 1 ,4-cyclohexane dimethanol and 
alkylene diois having from 2 to 10 carbon atoms, preferably ethylene glycol and 1,4-butanediol. The trans- 
1 ,4-cyclohexame dimethanol is from 20 to 80 mole percent of the total diol in the polymer, the alkylene diol 
making up the remainder of the diol in the polymerization. 
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The ejection pressure data shows that the hydrogenated alpha-olefin oligomer fluids of the invention 
exhibit mold release behavior in polycarbonate, copolyesterpolycarbonate and blends of polycarbonate with 
alphatic polyester resin that is considerably better than the behavior of a known effective mold release 
agent pentaerythritol tetrastearate. Furthermore the release properties of the hydrogenated alpha-olefin 
oHgomer fluids in polycarbonate (Examples 1-3) are equal to or superior to the release propert.es of the 
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normal saturated alkanes of virtually equivalent molecular weight (Controls 2. 3. 4), especially when the 
number of carbon atoms is about 30 or greater. The data also illustrates that the mold release behavior of 
the hydrogenated alpha-olefin oligomer fluids is superior to that of conventional mineral oils (Controls 5 and 
6). in each resin, the mold release properties exhibited by the hydrogenated alpha-olefin oligomer fluids is 
5 achieved without experiencing a loss in optical properties or melt viscosity. 

Claims 

1. A composition comprising an aromatic carbonate polymer in admixture with a mold release effective 
w amount of a hydrogenated alpha-olefin oligomer fluid. 

2. The composition in accordance with claim 1 wherein the aromatic carbonate polymer is a polycar- 
bonate. 

is 3. The composition in accordance with claim 2 wherein the polycarbonate is bisphenol-A polycarbonte. 

4. The composition in accordance with claim 1 wherein the aromatic carbonate polymer is a copolyester- 
carbonate. 

20 5. The composition in accordance with claim 1 wherein 0.01 to 1.0 weight percent of the hydrogenated 
alpha-olefin oligomer fluid is present. 

6. The composition in accordance with claim 5 wherein 0.05 to 0.5 weight percent of the hydrogenated 
alpha-olefin oligomer fluid is present. 

7. The composition in accordance with claim 1 wherein the hydrogenated alpha-olefin oligomer fluid is 
prepared from normal alpha-olefins having from six to twelve carbon atoms, inclusive. 

8. The composition in accordance with claim 1 wherein the normal alpha-olefin is decene-1. 

9. The composition in accordance with claim 1 wherein the hydrogenated alpha-olefin oligomer fluid has 
at least 30 carbon atoms. 

10 The composition in accordance with claim 1 wherein also present in the composition up to 50 weight 
' percent is a polyester derived from terephthalic acid or ester precursor or a mixture of terephthalic acid 
or ester precursor or a mixture of terephthalic and isophthalic acid or precursors and trans-1.4- 
cyclohexane dimethanol or a mixture of trans- 1 ,4-cyclohexane dimethanol and an alkylene diol of 2 to 
10 carbon atoms, inclusive. 

40 Revendlcations 

1. Composition comprenant un polymere de carbonate aromatique en melange avec une quantite efficace 
pour le demoulage d'un fluide d'oligomere d'alpha-olefine hydrogene. 

Composition selon la revendication 1. dans laquelle le polymere de carbonate aromatique est un 
polycarbonate. 

Composition selon la revendication 2. dans laquelle le polycarbonate est du polycarbonate de 
bisphenol-A. 

Composition selon la revendication 1. dans laquelle le polymere de carbonate aromatique est un 
copolyestercarbonate. 

5. Composition selon la revendication 1, dans laquelle de 0,01 a 1,0 pourcent en poids du fluide 
55 d'oligomere d'alpha-olefine hydrogene est present. 

6. Composition selon la revendication 5 , dans laquelle de 0,05 a 0,5 pourcent en poids du fluide 
d'oligomere d'alpha-otefine hydrogene" est present 
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7 Composition selon la revendication 1. dans laquelle on prepare le fluicte d'oliomere d'alpha-olefine 
hydrogene a partir d'alpha-olefines normales ayant de six a douze atomes de carbone. .nclus. 

8. Composition selon la revendication 1 . dans laquelle I'alpha-olefine normale est le decene-1 . 

9. Composition selon la revendication 1. dans laquelle le fluide d'oligomere d'alpha-olefine hydrogene 
contient au moins 30 atomes de carbone. 

10 Composition selon la revendication 1 . dans laquelle est egalement present dans la composition jusqu'* 
50 pourcent en poids d'un polyester derive d'acide terephtalique ou de precurseur d ester ou dun 
d'acide tfrephtalique ou de precurseur d'ester ou d'un melange d'acides terephtal.que et 
isoohtalique ou de precurseurs et de trans-dihydroxymethyl-1 .4 cyclohexane ou d'un melange de trans- 
dihydroxymethyl-1 .4 cyclohexane et d'un alkylenediol ayant de 2 a 10 atomes de carbone, mclus. 

is PatentansprUche 

1 Zusammensetzung enthaltend ein aromatisches Carbonatpolymer in Mischung mit einer wirksamen 
Menge eines Formentrennmittels aus einem hydrierten Alpha-Olefin Oligomerfluid. 

20 2. Zusammensetzung nach Anspruch 1 , worin das aromatische Carbonatpolymer ein Polycarbonat ist. 

3. Zusammensetzung nach Anspruch 2. worin das Polycarbonat Bisphenol-A Polycarbonat ist. 

4. Zusammensetzung nach Anspruch 1, worin das aromatische Carbonatpolymer ein Copolyestercarbonat 

25 iSt. 

5. Zusammensetzung nach Anspruch 1. worin 0.01 - 1.0 Gew,% des hydrierten Alpha-Olefin Oligomer- 
fluids vorhanden sind. 

30 6. Zusammensetzung nach Anspruch 5. worin 0.05 bis 0.5 Gew,% des hydrierten Alpha-Olefin Oligomer- 
fluids vorhanden sind. 

7 Zusammensetzung nach Anspruch 1. worin das hydrierte Alpha-Olefin Oligomerfluid aus normalen 
Alpha-Olefinen mit 6 bis 12 Kohlenstoffatomen einschliefilich hergestellt ist. 

8. Zusammensetzung nach Anspruch 1 . worin das normale Alpha-Olefin Oecen-1 ist. 

9. Zusammensetzung nach Anspruch 1, worin das hydrierte Alpha-Olefin Oligomerfluid wenigstens 30 
Kohlenstoffatome aufweist. 

10 Zusammensetzung nach Anspruch 1. worin ebenfalls enthalten sind bis zu 50 Gew,% eines Polyesters. 
2 ™ Sphttialsaure Oder dem Estervorlaufer Oder einer Mischung von Terephthalsaure Oder 
ZeZ^er lr einer Mischung von Terephthaisaure und isophthalsaure oder Vorlaufern unc I Trans- 
1.4 cyclohexandimethano. Oder einer Mischung von Trans-1 ,4^yclohexand,methanol und emern Alky- 
lendiol mit 2 bis 10 Kohlenstoffatomen einschlieBlich abgeleitet ist. 
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